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for the
Alr Materiel Command, Army Air, Forcea-
A FRELIMINARY INVESTIGATION OF THE ICING
CEARACTERiSTICS OF A LARGE RECTANGULAR-THROAT
PRESSURE-TYPE CARBURETCR

By Gilbeqt E. Chapman

SUMMARY

A rectangular-throat pressure-type cerburetor was investigated
to determine the icing cheracteristics of this pert of a large
four-engine bomber Induction system. Runs of 15-minute duration
wore made at a simulated low-crulsing gower condition over a range
of cerburetor-air temperatvres from 12° to 100° F with varied moisture
contents to sstablish the limiting conditicns for ths formation of
visible and serious lcing. The investigation Included icing tests
mede with a standard nozzle bar and an lmpinging-Jets nozzle bar.

The results showsad that serious ice did not form in the carbu-
retor undor the conditions of this investigation, although visilble
1ce was formed on the carburetor nozzle bar and center rib at
carburstor-air temperatures verying from 12° to 87° F and with
relative humidities as low as 23 percent. Frost was formed on the
forwerd throttle plate during one of the runs. The standard nozzle
bar end the Impinging-Jets nozzle bar showed approximately the same
1lcing characteristics.

Some of the simmlated rain that impinged upon the impact tubes
at the mouth of the carburetor drained into the pressure-meter chamber
and, in a few hours, the quantity collected seriously reduced the
Tuel-air ratio.

INTRODUCTION
Tho investigation of the icing characteristics of a large

rectangular-throat pressure-type carburetor wes comducted at the
NACA Cleveland laboratory at the request of the Air Materiel
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Cormand, Army Alr Forces. Carburetor lce may consist of any or all
of three general types: Impact, throttling, and fuel-evaportion ice.
Impact ice 1s formed at intake-alr temperatures’below 320 F when water
impinges on the cold surfaces of the lnduction system. Throttling ice
results from the pseudoedlabatic expansion of comiusition alr through
the metering venturle and past the throttle plates of the carburetor,
Fuel-evaporation 1lce, which probadly occurs most frequently in opera-
tion, forms when water in the air stream frvezes as the result of the
cooling effect of fuel evaporation and may occur in some installations
at outelde-alr temperatures as high es 1G0° P,

Research was undertekXen to determine the particular iclng char-
acteristics of the carburstor as a unlt, lzolated from the other com-
ponent parts of the alrplane induction system. Tosts were conducted
using the standard nozzle bar (fig. 1{a)), and an impinging-jets nozzle
bar (fig. 1(b) and (c)) developud by the NACA for the improvement of
fuel distribution. The renge of the investlgation was limited by the
capaclty of the refrigeratei-air supply to a slmulated low-cruising
power wlth the following approximate conditlions: horsepower, 1170;
alr flow, 8000 pounds per hour; and fuel-alr ratio, 0.0825. Carburetor-
alr temperatures from 12° to 100° F were used with varlous water con-
tente to determine the limiting-lcing characteristlos of the carburetor.
Impact-~icing conditlons were not Investigated because 1t is belleved
that this type of 1ce would only be formed in ths airpldne Iaduction
system ahead of the turbosupercharger and an lnvestigation utilizing
the entire induction system was beyond the scope of the avallable
laboratory equipment.

AFPPARATUS

The carburetor used 1n this lnvestigation was e hydrometering-
type pressure carburetor with a bottom deck area of 58 square inches
and was lntended for uss on an 18-cylinder engine wilth 3350-cubic-
inch displacement. It was mounted on the rear accessory sectlon of
an 18-cylinder englne having a displacement of 2800 cubis inches in
which the supercharger impeller was drlven by an electric dynamometer.
Plastic observation windows were located 1n tne speclally constructed
adapter and in the connectling duct above the carburetor. All observe-
tions were necessarlly made throuvgh the plastic windows because 1t was
impossible to remove the carburetor for inspection before the lce
accroetions hud melted. The carburetor installation 1s shown in fig-

ure 2.
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Provisions were avallable for regulating temperesture and flow
of the fuel ard the water used for simulating rain and for controlling
temperature, humidity, pressure,.and flow. of the refrigerated air.
A detalled description of this equipment appears In reference 1.

The fuel and water systems were so 1nstalled that the liquids
could be bypassed during the intervals between runs. Thus, the
conditions for each run could be established wlthout encountering
icing before the run was begun. TFuel conforming to specification
AN-F-22 (62 octanse) was used throughout the investigation.

Because the maximum cbtalnable alr flow was limlted by the slze
of the ducts through which the supily alr was drawn, the lnvestigation
was restricted to a simulated low-crulsing power condltion.

TEST PROCEDIRE

Previous to the start of each run, the following condltlions were
ostablished: alr flow, 8000 pounds per hour; fuel flow, 660 pounds
per hour; fuol temperature, 40° F; manifold pressure, approximately
32 inches of mercury absolute; and pressure altitude at the carburetor
deck, approx.wately 4200 feet. In addition, the desired air tempera-
ture and humidity were also sstablished.

When the conditlons hed stabilized, the fuel and the water were
introduced into tho carbiretor and an initial set cf readings was
recordod; subssyuent readlngs were taken every I minutes for the
duration of the 15-mimnute run. The following data woere recorded: alr
flow, fuel flow, dry-bulb temperature and dow-point temperature of
the entering alr, corburotor top-deck pressare, manifold pressure,
pressure drop across the carburetor, cerburetor metering-suction
differontial, fiisl temperature, and suparcharger-outlet temperature.
Vhen rain was simulatoed, the water flov and temperature werc also
recorded. At the end of each run, the carburetor was carefully
inspected for the presence of ice before and after fuel injection
was stopped.

RESULTS AND DISCUSSION

The results of thls invostigetion showod that the standard and
the 1mpinging-jets nozzle bars have approximately the same lcing
characteristice. The data are plotted om coordinates of carburetor-
alr temperature end water content in figure 3 and on coordinatos of
carburetor-air enthalpy and water content in figure 4. The curves
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define the approximate limiting conditions for the formatlon of
vigitle fce of only the fuel-evaporatlon type. Viselble ice was
foermod &% carburetor-alr temperatures ranging from 12° %o 87° F and
with relative humiditlies as low as 23 porcent. .

No serious icirg of the carburetor was encountered during this
investigation. Because seve:re ice accretlons accumulatod rapldlyr in
the air pessege bel.ow the carburetor, full 15-minute lecing ruus could
nct be made et low temperatures with hizh water corntenis. BSerlous
ice mizht Lave been frimod In the carburetor at temperatures beloir
40° F witL weter cortonits in excess of saturetion.

Tith oa9 excention, &ll carburetur-ice foimauions vcecurred on
the norzle her ard on tis suppmiwing rid thet extends fiom front to
rear across the mlddle of the carhurotor. Trko lce Tormatlors
incroaned from a rolatlvsly thin leyor on the top of tlhe nozzle bher
and gifes c¢f thc r.b o o maxlmm tkickaess ¢f apnroximntely cne-Lalf
inci: on tne bottom surfaces. A chavacteristlc ico formatlon on the
nczzlo bar is sicwn in the schetatic diagram of tle carburctor
(fiz;. 5). Tho neavioot ice was encombored with hig: molsburo con-
tents cver a rarge o) teuperatures from 3C° to 49° F.

A% tle ord of ono run there wes & very light coating oi fiost
on tho forward throttic plate. It wae obseirved thut ico, vhich vas
brilt up on tre tottom of tho nozzle war to a thiclnuss of &bovt ono-~
half Inch, caused “he fuel gproy o be doflocted outwerd. A very
sma’l wortion of tho fusi was »robably carricd uvpward by tac turbulont
elr boroath the throttie mlates wiors tho resultant coolinz dnu to
Tuol ovanuration cavsed the foiratlon of light frost.

A run zf sovorcl poirs! duiation was eltemptod o dotermine
vhosler sorisus ico formations could be bulit up in tho carburctor
¢uring oxsontled porricds i operatlon. 5 the end of 45 minvtes,
howuver, She ico on tic svrmiiing vancs at tic suporcharger inlet had
bocomro s0 Zoavy that 1t was noccssery tc termilnato tho %est. Only a
vory suell amcunt of lco was vigiblo on tko carburetor nuzcolo bar.

Hoar ta> oné ol tho invesiigavion of thc standard nczzlo bar,
tho flcw ~f Tuol tiirozh tho cnrburotor couald nct be raintainsd ard
& svbacquont flow-tonal ckosikt showed that the carburotor moboring
wan foir bolov tlac uinimum specifioeticns. Dilscsscubly »f +ko carbu-~
rc¢hor revealod that ajrroximetsly €O cubic centlmetors of wator had
accumalated in tho rrossuro motoring system. At Sho time whia
diTciculty occurrod, & total- o7 sovon 15-minvte runs bad becn medoe
vsing slmmlatod raln et ~on avorcgs injection rato of 200 grems nor
mninuto. During the invoatigation of thz luminglng-jots nozzlo bar,
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only one l5-minute run was made using simlated-rain injection. When
the carburetor was checked at the completion of the- investigation,
approximately 9 cubic centimeters of water were drained from the
pressure meter.

Water apparently entered the impact tubes located across the
top of the carburetor and dralmed throvgh the connsecting passage %o
the pressure meter (fig. 5). No drains are provided in the metering
system of the carburetor; consequently, water collected 1in the
preasure moter and fuel metering was affected. It 1s not antlici-
pated that-this characteristic of the carburetor will be hazardous
in the operation of the alrplane because leakage of ingested rain
from the ducting, collection in the intercooler, and vaporization
in the turbosupercharger should prevent any water from reaching
the carburetor.

SUMMARY OF RESULTIS

The followlng results are applicable only to the lerge
rectangular-throat pressure-type carburetor when operated at a
simulated low-crulsing power conditlon over a range of carburetor-
alr temperatures from 12° to 100° F with varied moilsture contents:

l. Visible ice was formed on the carburetor nozzle bar and center
rib at carburetor-air temperatures varying from 12° to 87° F and with
relative hmidities as low as 23 percent.

2. Ice dld not form In the carburetor in gquantities large enough
to adversely affect englne operation within 15 minutes.

3. Frost was formed on the forward throttle plate during one of
the runs.

4. A standard end an impinging-Jets nozzle bar had spproximately
the same icing characteristics.

5. Scme of the water that impinged upon the mouth of the
carburetor impact tubes drained into the pressure-meter chamber
and 1n a few hours the quantity collected seriously reduced the
fuel-eir ratic.

Lircralt Englne Research Laboratory,
National Advisory Committee for feronautics,
Cleveland, Ohio.




NACA MR No. E6Gl1

REFERENCE

l. Mulholland, Donald R., Rollin, Vern G., and Galvin, Herman B.:
laboratory Investligation of Icing in the Carbuwretor and Super-
charger Inlet Elbow of an Aircraft Engine. I - Description
of Setup and Testing Technique. NACA MR No. ESLL3, 1945.



“ON YW VOVN

11993

".“,Stajqara nozzle bar, full bottom view.

e e S g P

' 51mp§nging-jets nozzle bar, full bottom view, i
SR :
¢ !

Figure |. - Nozzle bars used in carburetor icing investigation.
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Figure 2. — Rear view of installation used for carburetor icing

investigation.
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Figure 3. - Limiting icing conditions of temperature and water content at low-
cruising power. Rectangular-throat pressure-type carburetor; air-flow rate,
8000 pounds per hour; fuel-air ratio, 0.082; pressure altitude at carburetor
deck, 4200 feet.
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Figure 4. - Limiting icing conditions of enthalpy and water content at low-
cruising power. Rectangular-throat pressure-type carburetor; air-flow
rate, 8000 pounds per hour; fuel-air ratio, 0.082; pressure altitude at
carburetor deck, 4200 feet.
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